There are doubts about the presence of glycosuria and the progress of glomerular disease. Some reports suggest that glycosuria could be an index of a more severe tubulointerstitial lesion. We investigated the presence of glycosuria in 60 patients with primary glomerular diseases: 17 patients (28%) had glycosuria and 43 patients (72%) were glycosuria free. The two groups were similar in age, arterial pressure and sex. Serum creatinine was higher in patients with glycosuria (2.0 ± 1.7 vs 1.3 ± 0.9 mg/dl, P<0.05). The protein excretion rate was 7.5 ± 3.7 vs 5.3 ± 4.2 g/day (P>0.05) in patients with and without glycosuria, respectively, while serum albumin was lower in patients with glycosuria
Introduction
Tubular dysfunction is not uncommon in glomerular diseases and is frequently detected by the appearance of glycosuria. Praga et al. (1) found 10 patients with glycosuria among 36 patients with nephrotic syndrome. Most of the patients reported in the literature were children with focal glomerulosclerosis, but some recent reports in adults point to membranous glomerulonephritis as the prevailing glomerular disease when there is glycosuria (1) .
There are doubts about the progress of these glomerular diseases: some reports suggest that glycosuria could be an index of a more severe tubulointerstitial aggression and progression to chronic renal failure. In the present investigation we studied some aspects of tubulointerstitial lesion and glycosuria and correlated the lesion with glycosuria.
Patients and Methods
Sixty patients with a diagnosis of glomerulonephritis made by histological examination of kidney biopsies were studied in retrospect. The clinical and laboratory evaluation was made on the occasion of the kidney biopsy, and at that time no patient was under specific treatment for glomerular disease, or had been taking corticosteroids for at least six months. The patients were under symptomatic medication only if necessary, with furosemide and usual antihypertensive drugs. All the patients had normal fasting blood glucose levels.
The histological study was made by a renal pathologist who was not aware of the clinical diagnosis of the patients. Tubulointerstitial indexes (tubular atrophy and interstitial fibrosis) were classified on a scale from zero to four as follows: no lesion (zero), minimal (one), slight (two), moderate (three) and severe (four). Patients were allocated to two groups, with and without glycosuria, by the analysis of at least two urine specimens at two different times, at least three months apart. We defined glycosuria as the presence of any glucose in the urine by the method described below.
Serum creatinine was determined by Jaffés method using autoanalyser equipment, glycosuria by the GOD-PAP colorimetric and enzymatic method, urinary protein by Ponceaus method and serum albumin by protein electrophoresis on agar cellulose gel.
Statistical analysis was performed by the Student t-test and the Wilcoxon rank sum test with the level of significance set at P<0.05. Data are reported as mean ± SD.
Results
Seventeen patients (28%) had glycosuria while 43 patients (72%) did not ( Table 1) . Mean glycosuria was 1.71 g/l with a range of 0.3 to 5.5 g/l and there was no correlation between glycosuria and any other parameters of renal function, not even protein excretion rate. The two groups did not differ in mean age, which was 28.9 ± 11.0 and 31.9 ± 15.2 years, respectively (Table 1) . Males were predominant in the group with glycosuria (12 males, 5 females) and also in the group without glycosuria, whose distribution was 27 males and 16 females (Table 1 ), but the difference was not statistically significant.
The mean systolic and diastolic arterial pressures did not differ between groups (Table 1 ) but the groups differed in serum creatinine, which was 2.0 ± 1.7 vs 1.3 ± 0.9 mg/dl (P<0.05) for patients with and without glycosuria, respectively (Table 1) , and in serum albumin, which was 1.7 ± 0.6 vs 2.7 ± 1.0 g/dl, respectively (P<0.05) ( Table 1) . The protein excretion rate appeared to differ between groups (7.5 ± 3.7 vs 5.3 ± 4.2 g/day, respectively), but the difference did not reach statistical significance (Table 1) .
All patients were submitted to kidney biopsy and the histological diagnoses are shown in Table 2 . The histological picture of tubulointerstitial damage was studied in 10 patients with and 10 patients without glyco- Table 2 -Histological diagnosis of patients with (G1) and without (G2) glycosuria.
G1 G2
Membranous glomerulonephritis 6 6 Focal glomerulosclerosis 5 18 Membranoproliferative glomerulonephritis 3 3
Minimal change nephropathy 2 5
Mesangial proliferative glomerulonephritis 0 4
Mesangial IgA glomerulonephritis 1 7 suria by a pathologist who was not aware of the clinical diagnoses of the patients. The results are shown in Table 3 .
Discussion
Tubular dysfunction, frequently expressed by glycosuria, may be present in about 30% of patients with nephrotic syndrome and is more commonly reported in children with focal glomerulosclerosis.
There are doubts about its meaning as an indicator of the progress of glomerular disease, with some reports suggesting that the appearance of glycosuria is a sign of poor prognosis, with the establishment of renal failure in this group earlier than that without glycosuria (1-3). Several causes have been proposed to justify tubular dysfunction with glycosuria in these patients. Praga et al. (1) suggested a possible role of renal vein thrombosis in these patients but rejected this possibility because the patients showed no clinical-laboratory signs of the disorder.
Some other reports have linked the finding of anti-tubular membrane antibody sometimes present in those glomerular diseases to the functional abnormality (4) . However, the analysis of kidney biopsy specimens does not support this hypothesis because there are only a few patients with glycosuria presenting immunoglobulin deposits on the tubular membrane (5).
Other reports have indicated the possibility of a direct damage caused by the high protein levels present in the tubular fluid of these patients. This situation imposes a high workload on tubular cells for the reabsorption of protein, with the consequent production of excess reactive oxygen species that impair normal cell function such as glucose reabsorption (6) (7) (8) . This argument is based on the finding of a higher protein excretion rate in patients with glycosuria (1).
Furthermore, tubular lesion proteinuria could cause important interstitial inflammation and fibrosis by still unelucidated mecha- Table 3 -Tubular atrophy and interstitial fibrosis in kidney biopsies from patients with glycosuria (G1; N = 10) and without glycosuria (G2; N = 10). nisms (9-12). Eddy (10) developed a model of protein-overload proteinuria by injecting bovine albumin into rats. High proteinuria was accompanied by an interstitial cell infiltrate. The author speculated that the increased trafficking and degradation of albumin in these cells may lead to the release of degradative enzymes into the interstitium.
Taking a different approach, Schreiner et al. (13) (14) (15) found that the urine of proteinuric rats and humans contains a still unidentified but specific macrophage lipid chemotactic factor released by proximal tubules after the metabolism of albumin-bound fatty acids during states of heavy protein loss.
On the other hand, several authors have suggested that increased ammoniagenesis by tubular cells subjected to heavy proteinuria may be noxious to the interstitium. Thus, the ammonia generated is thought to activate the third component of complement which then leads to the activation of the complement cascade (16, 17) . This in turn could lead to the influx of inflammatory cells, the elaboration of inflammatory mediators and increased collagen synthesis (18, 19) . C 3 could also be synthesized locally by tubular cells and its production upregulated by interleukin 2 secreted locally by T cells (20) , thus further fueling the process.
The hypothesis stated above, though not definitive, tries to explain the mechanisms of tubulointerstitial dysfunction secondary to protein overflow in the tubules (21) .
Our data permit the following comments. Glycosuria was present in 28% of our patients with glomerular disease, as also reported for other series. The groups with and without glycosuria did not differ in age, arterial pressure or sex distribution. The protein excretion rate did not differ between groups although serum albumin was lower in the group with glycosuria, suggesting that this group had a higher protein excretion sometime before the beginning of the study.
Histological studies in the literature suggest the association of glycosuria with focal glomerulosclerosis, particularly in children (2, 3) . In our adult population we found various histological lesions in glycosuric patients and membranous glomerulonephritis was the most common form, in agreement with previously reported data (1). Other histological forms were focal glomerulosclerosis (5 cases), membranoproliferative glomerulonephritis (3 cases), mesangial IgA glomerulonephritis (1 case), and minimal change nephropathy (2 cases).
In some patients the evolution of glycosuria was dependent on protein excretion. Thus, upon remission of the glomerular disease as was the case for patients with minimal change (2 cases), glycosuria disappeared. In some cases such as focal glomerulosclerosis or membranous glomerulonephritis, glycosuria also decreased with partial remission of the disease, indicating a functional cause for the disorder.
When studying the tubulointerstitial lesion we found more tubular atrophy and interstitial fibrosis in the cases with glycosuria. This suggests a relationship between the causes that lead to glycosuria and those linked to the histological lesions, although these causes have not been determined.
Our data agree with reports by others indicating that glycosuria is not a characteristic of some particular glomerular lesion but may be found in various histological forms.
The group with glycosuria showed worse renal function and lower serum albumin levels and seemed to have a higher protein excretion rate. The group also showed more intense changes in tubular atrophy and interstitial fibrosis than the group without glycosuria, confirming serious functional and histological changes. However, as in some patients with minimal glomerular lesions in which proteinuria as well as glycosuria disappear with the remission of the disease, we may say that in some cases there may be only functional disability of the tubular cells secondary to proteinuria.
Thus, we propose that the finding of glycosuria in glomerular diseases with proteinuria may be related to some functional impairment of tubular cells and may indicate more intense tubulointerstitial changes and a poor prognosis in glomerular diseases.
In conclusion, our results show that the presence of glycosuria is not uncommon in glomerular diseases and that its appearance is related to a worse index of tubulointerstitial lesion and may therefore imply a poorer prognosis.
